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H- AND He I ON SOURCE F'OR TANDEM ACCELERATOR 

S. F'azi ni c .  T. Tadi c .  L .  Kuk ec . V .  Val k ovi c

Ruder Bos k ovi c I ns t.i t.ule . Zagreb

The 6 MV Tandem El ect.ros t.at.i c Accel eralor at. t.he .. Ruder

Boskovi c:  .. I nst.i lule went i nto oper ati on i n  1 987 . Negati ve i on

sour ce i s  essenti al par t. of s uch an accel er ator . Negati ve i on 

sources i ns t.al l ed wi lh tandem accel erator at. "Ruder Bosk ovi c::: "  

I ns t..i t. ut.e ar e duopl asmat.ron wi t..h exchange canal and sput..t..er i ng 

i on sour ce C i nst.al l at.i on i n  progr ess ) .  Duopl asmat.ron i s  used 

mostl y f'or pr oduct.i on of H beams . Modi f i cati on of donor canal . 

for pr oduc t. i on of Ho- i ons . i s  i n  progress .  Tant.al um f i l ament. i s

r epl aced wi th di r ectl y healed l anthanum hex.abor i de f i l ament. . I t.  i s  

expec ted that. the sour ce l i .feli me ot' about. 1 00 hours wi l l  be 

i ncreased sever al li mes wi th t he addi t.. i on of t.hat new fi l ament.. . 

1 .  Duopl asmat..ron 

A schemati c di agr am of lhe i on souurce and i ls associ ated 

el ec tri cal c i r cui ts is shown i n  f i g .  1 .  Arc space in a 

duopl asmat.r on C .f i g .  2 )  i s  for med by an anode wi th a. ver y smal l 

i on-emi ssi on hol e on the lanlal um pl ate . a cathode lo emi t. thermal 

el ectrons and an i nter medi ate el ec t r ode between l hc.•m .  whi ch i s  

cone shaped t.o nar row the arc from the cat.ode lo the anode . and 

whi ch i s  magnet i zed by a sol enoi d coi l al i t.s root to mak e  an 

i ntense axi al magneti c t'i el d  fr om the l i p  onto lhe anode for 

f·oc usi ng the a.r e .  The mi l d  sleel i nter medi ate el ec t.-r- odo i s  fi l led 

wi th a tantal um cap lo r educe erosi on. I l " s  i nter nal di ameter i s  4 
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V - vacuum -meter 

T - t e rmo- leak 

1 . A schemati c di agr am of l he i on sourc e  and J. ls associ aled 

el ectri cal ci rcui t 

a-duopl asmalron .  b-exl r ac l i on el ect r ode . c -focus el ectrode . 

d-donor canal . e-gr ound el ect.rode 

1 .  Termo-l eak power suppl y .  a. Penni ng gauge . 3. Sol enoi d

c ur r ent power suppl y .  4 .  Fi l ament c ur r ent. pow�r supl y.  9.  

Pi r ani gauge . •  6 .  Termo-l eak power supl y.  7 .  30 kV <.?xt. r ac ti or1 

vol tage power supl y .  8 .  1 0  k V  focus el ect.rode vol tage power· 

supl y .  9 .  Ar c vol t.age power supl y 
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2. A schemat.i  c di agram of t.he du9pl asmat.ron source wi t.h LaB cS

fi l ament:.

1 .  Fi l ament. hol der wi th LaB fi l ament , 2 .  I nt.er medi at.ecS 

el ec t.rode . 3. Sol enoi d magnet. , 4 .  Anode wi t.h emi ssi on hol e ,

5. Cer ami c i nsul ator . 6 .  Pi rani gauge
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mm. Ther e i s  a doubl e arc const r i ct i on due lo t..he i nt.er medi at..e

el ect.rode . whi ch r esul ts 1n  t..he dense and stabl e pl asma wi t..h a 

hi gh ef f i c i enc y of gas cons umpt i on . The rni l d s t..eel anode has an 

anode i nser t wtai ch i s  of copper C for bel t. er heat.. exchange ) • 

fi t.Led wi th a Lant.al um wi t h  a i on emi ssi on hol e I t.. • s di amet..er i s  

0. 5 mm. 

The sour ce l i fet i me was l i mi ted by the evapor at..i on r at. e  of 

t..he 1 mm di ameter Lant.al um fi l ament. . Fr om t he publ i shed dat..a  C l l 

t..he evapor ati on rat..e C g/cm2/s) of t.. anlal um and t..ungsten are  bot..h 

two or der s of magni tude hi gher t..han that of La86 whi ch means t..hat

t..he l i fet..i me of a LaB6 f i l ament.. C whi ch depends l ar gel y on the

evapor ati on r ate ) shoul d be much l ar ger t..han t.hal of t.he t.. ungst.. en 

or t..ant..al um fi l ament.. . 

A f i l ament. cathode oper ati ng i n  a gas di scharge i s  const antl y 

bei ng bombar ded by i ons . I f  t..he r at..e of sput..ler i ng of t..he fi l ament.. 

mat..er i al by lhe posi t..i ve i ons i s  hi gh . t.. hen t.he l i fet.i me of t..he 

f i l ament.. wi l l  al so be l i mi ted. The spu t teri ng r at.e of LaB and6 

t ungst en have been compared under the same envi r onment. by 

Kudi ns t.eva et al l C 2 J . The l oss i n  wei ght.. for the t..ungst.en sampl e 

i s  appr oxi mat.el y len t.. i mes hi gher t han t he LaB
6 

Si nce t ungst en

i s  about.. four li mes heavi er t han LaB . lhe vol ume of LaB mat er i al
d 6 

sputtered away by the i ons i s  sti l l  a factor 2 . 5 l ess t han that.. of 

lhe t..ungst.en . 

When healed t.o a temper at ure of 1 400 °K or hi gher . LaB i s  ad 

copi ous �mi t t.er of el c..-c tr ons . The m.:1xi murn E:mi l lcd cur· ent densi t. y  

i s  gi ven a.ppr oxi mal el y b y  l he Ri char dson Dushma.n equat..1 on 
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J = AT2expC -e(/>/kT) 
fflQ)C 

C A/cm2 l ( 1 )  

wher e A i s  Ri chardson • s  cons tant . T i s  t.he cathode temperature t n  

degr ees k el vi n .  e� i s  lhe wor k f uncti on i n  el ectron vol ts . k i s  

the Bol t.zman constant . Fr om eq . ( 1 )  i t.  can be seen that. t.he nor mal 

oper ati ng t.emper at.ure for t.he LaB6 cat.hode i s  much l ower lhan

those of Lant.al um or l ungs len. At. a gi ven fi l ament lemperalur � .  

t.he emi ssi on c uur enl densi ty for La86 i s  t.wo orders o f  magni tude

hi gher then that. of t.ant.al um and � ungst.en C for LaB6

A=30 A/cmdeg e(J> 2. 76 eV. for T= 1 600 K emi ssi on c ur enl 

densi ty i s  0 . 2 A/cm2
; for t.ungst.en A= 70 A/cm2deg2

• e�= 4 . 55 eV , 

emi ssi on densi t y  of 0 . 2 A/cm2 i s  gi ven i f  a t.eper at.ur e  of t. he 

emi ler i s  2500 °K ) . 

LaB6 fi l ament. has been tested i n  duopl asmat.r on i on source.

The fi l ament. C st.r i p 1 .  5 mm x 3 mm x 15 mm. lot.al sur f ace 

area � 1 .  4 c m2 ) was mount.ed on lhe mi l d  slel l hol ders .  Si nce 

LaB6 at.lac k s  met.a:l s l i ke mi l d  st.el l . copper or mol ybdeni um. a

fi l ament. was mount.e, : �i t.h a pi ece of rheni um foi l i n  belwen C LaB6

don • t alt.acks  r heni um ) .  as shown i n  fi g .  1 .  I l  has oper ated 

more t.hal 300 hour s unti l now . wi th an arc vol tage of 1 40 V and an 

ar c c ur r ent. of 0. 8 A. The heat.er cur r ent r equi r ed was about 50 A. 

The pl asma i s  ver y stabl e and no adj ust.menl s has t.o be made to  the 

ar c or heat.er power suppl y dur i ng lhe di scharge proces s .  

2 . Extract.i on system

The components of the exlr c'l.Cl i on system are :  an expansi on 

canal i n  whi ch t.he pl asma expands and i nt.o whi ch el ect r i c  fi el d  
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cannot. penetrat e .  an expansion cone i n  whi ch the pl asma spreads 

out. to for m a broad concave surface . a focus el ect.rode for 

focusi ng the beam of posi t.i ve ions t.o exchange canal . 

extract. el ect.rode for posi ti ve i ons . el ect.rode wi th exchange 

canal . and el ect.rode for extract.i on of negati ve i ons i nto  

accel erator . The use of  a focus el ect.rode has lhe advantage lhat. 

t.he donor canal can be of smal l er bore whi ch mi ni mi ze the gas or 

vapor fl ow. However . t.he l ens i ntroduces some aber r ati ons and 

degrades the bri ghtness of the posi ti ve i on source. 

From pl asma in the expansi on cone posi ti ve i ons are extrac ted 

by elect.rost.at.i c fiel d .  The behavi our of lhe beam i n  lhe regi on 

bet.wen the extract. el ect.rode and the pl asma surface i s  governed by 

Poi sson equat.i on ir:fZ<t, = -pe/& where p i s  the lot.al ( i on and 

el ectron) space charge densi t.y. so that. Poi sson equati on can be 

wr i tt.en C 3] as 

_!L. 
& 

0 

( n - n exp (-e · -
l eo 

(/> - "'o_ 
kT )l 

The el ectron space charge term on the r i ght. hand side of the 

equati on cor responds lo Maxwell i an di stri buti on of el ectron 

_ energi es wi lh a t.emperat.ure T• and densi t.y n.0 
i n  the cent.er of

the pl asma ;  lhe pot.enli al <J, is l ower C decel er at.i ng for el ectrons) 

lhan t.h� polenli al <J,
0 

in lhe unper tur bed pl asma. Tile sheath edge 

i s  assumed lo be lhe i on emi l t.i ng sur f ace.  At. t.hi s posi t.i on lhe 

pl asma is slil neutr al nt = "e ·

Current. densi ly j 1·rom sour ce . pot.enli al di fer·ence U between 
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extract.i on el ect.rode and pl asma sheat.h edge . and di stance d 

between extract.i on el ect.rode and sheal edge are conect.ed as : 

3. Donor Canal

� & · 
0 

� -m. 
U

S / Z

j 

The H- beam i s  formed by char qe exchange i n  H
2 

gas. Thi s

process i s  known t.o have a peak cross sect.i on for a H+ 
energy i n  

t.he regi on of 1 2  keV C 4 l .  Most of th� beam emerges from the donor 

medi um as neutr al s  or posi ti ve i ons but general l y  up to 1 U  emergs 

as a negati ve i ons C al 1 2  keV about. 2Y. ; al 30 keV about 1 %  ) .  

I t  i s  pl aned to i nst.al l new exchange canal for He-

product.i on .  i n  whi ch He - wi l l  be formed by charge exchange i n  

l i t.i um vapor ( 5l .  Thi s process i s known t.o have a peak cross 

secli on for a He+ energy in t.he r egi on of 20 keV. The l i t.i um vapor 

di ffuses from the l i li um oven i nto a l ong tapered canal . the whol e 

uni t bei ng sur rounded by a heat. shi el d.  

The donor canal defi nes t.he maxi mum emi t.ance of the negati ve

i on beam. whi ch shoul d ma�cn the acceptance of the . tandem

slri pper . The donor canal i s  fol lowed by a ci l i  ndri cal 

el ect.rost.at.i c l ens . 

The melhod has t.he adv�rit.age that i f  donor canal i s  al a 

negat.i ve pot.ent.i al t.he posi t.i ve i on source can be at ground 

pot.ent.i al and t.he emergi ng negat.i ve 1 ons on return! ng to ground 

polent.i al have been accel er ated twi ce. Tile addi ti onal energy i s  a 
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di sti nct advantage for tandem i nj ecti on. 
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